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Moreoslesscmpletestudiesoflongitudinalstability

havenowbeenmade023fWe airplsnes,- the3M4H,DH4,VE7,13SAC-11

andMartinTransport.Inadditiontothesetests,ntmerous modi-

ficationshavebeanmadeinthedesignoftheJN4Handtheeffect

onstabUity a@ bali~e%xy?eetigated.

ThetestsbntheIM4andontheJN4Hasnormallyusedare

desoribsdanddiscmsedinReportNo.70oftheNationalAdvisory

CommitteeforAeronautics,“adthemethodsofmakingthetestsd

interpretingtheresultsarealsotakenupiisom detailinthat

report. h conclusions drawnmay,however,be~ised here,

Thebalanceofanairplane,anditsdegreeofnose-heavi-

nessor tail-heavinessatanyspeedazxithrottlesetting,canman-

ifestlybedatemimdbymeasuringtheforcevihiohthepilotmust

aPP* attheqper etiofW stickinsteadyflight. Th%sforce

Oanalwaysbemodifiedineitherdirectionandinanydesiredde-

greebyohanging thsstabilizersetting,andthismeansofcorreo-

tionshouldbeohoseninpreferencetomovingtheC.G.relativeto

thewingsunlessthereisspec%alreasonforadoptingthelatter

plan.Thebalanoe,asexpressedbytheforcerequiredonthestick,

.
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is arwhaffectedby theweightand ohortiof theelevators.me

‘JN4H,forexsmpie,%sver~noee-haavywhennxmallyrigged,but

thisisnotbecausetheC.G.istoo farforward(itis,on thecon-

trary,tmofarbaok)butbecausethestaticmomentoftheelevators

abontthehinges,d- totheirownweight,%sabncmdlylarge,

and= largepull(about~ Ilm.)onthestiokisrequiredtohoLi

theflippersup,evenwhenthereisnodownwardairloadcmthem.

Maohineswithadjustablestabilizerscan,ofcourse,bemadeteb~-

anoeatanyspeedbyadjustmentofthesurface.

Thestabilitywithfreecontrolscanbestbedetermined

bymeasuringtheforoeonthestickata f~xedthrottlesettingand

a n~berofclifferentair-speeds~ plottingtheforcesasordi-

nates(aBullonthestickbeingtakenaspos5t5ve)againstthe

air-speedsasabscissae.Thenecessaryandsufficientcondition

forstabilitywithfzeecontroleataI&speed

offorcesshallhavea negativeslopeatthat. .
thezmgativeslopethsgreaterthestability,

of course, be flmvnwithfree controlsatany

isthen that the curve

speed, endthesteeper

Thsmaohinecannot,

speede%oqttheone

atwhiohthecurveorossesthe horizontal&is, butthisaxiscan

easilybeshiftedvertioaUyifdesiredbyattaohinga cuunter-

waigh%,spring,or elastictothestickin SUOha wayasto.change

theIneffectiveweight!’oftheelevators,@ sotheRUU onthe

stickduetOthatwei@t. Theactualmeasurementoftheforcesat

severalclifferentspeedsandtheplott%ngofa ourveisfarmore

acourateandsatisfactoryasa meansofdeterm~tinglongitudinal

stability than

impressions on

isthecu%tomarymethodofrecordingthe~ilotrs

theSuhjeot,asitpracticallyeliminatesthepeT-
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● send equation,andgivesa definite

of suohvague

‘Stiokpushes

The

beenstudied,

phrasesas:“SW3iMW

P-8 3

quantitativereszdtinplace

very good”; ~lstabilitypOO~”i

8trQl@y against tkehandatkm %?-dne ‘

DHCUSSIONOFEXFERUtMW?S-

forcecurvesforthefivf3maohhlesttichhavesofar

withdatatskenatthreeorfourd$fferentthrottla

●

settingsforeaChmaohina,areplottedinFiss.Z to5. Thestabil-{
izer on theDH4wassetwithitsoenterline para31e3to the-chord

F
oftheWiXl@3.Therewasm meansofdetemini~thestabiliser set-

ting on the MartinTransportwhileinflight,butitwasadjustkd

totrimat100m.p.h.withthethrottlesopen,andthisqsett5ng

wasmaintainedthroughoutthetests.
:.

. Thereisnovery consistent rule for thevariationof sta-

bilityeitherwiththrottlesettingorwithair-speed,although

thegeneraltendenoyistobemorestableWhenglAdingthanwithopen
.

throt%le.- MartinandOurt%esaremom s%ableat 3017air-speeds

thenathigh,whilejustthereverse is thecasewiththeDH4ani

LePere.TheVoug.htisextraordinaryinthatitpossessesthesame

degreeofstability,andjustabouttheidealdegree,

speedsendallalr-spaeds.Itwillbenotedthatthe

izerisflatonthelower surface,that ofthe.Vought

atalleng~ne

JM stabil-

slightlycon-

vex,whilethoseoftheDH4arxiLePerearenearl~symmetrical.It -

appearsthen,thatallofthesemaohinasexceptthetitinfollow

therulethata convexcamberoftheIomr surfaoeof the stabilizer.

isfavorabletostability

securethesamedegreeof

andtokeeptheforceon

a%highspeeds,d that,inorderto

stabil%tyunderallconditionsofflight

thestickcomfortablysmallatalltimes,
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thecamberofthe10WSZsurfaceEhouldbefromone-quartertoone-

hdf thatoftheUQp~. Thefa@ that the Martin formsanappar-

entexceptiontothisruleshouldnobberegardedtooSSTiously,as

thefrictioninthecontrolsonthat machinewassogreatthatthe

forcereadingscannotbedependedontobeaccuratewithintwoor

threepounds.FurthegtestsontheW haveshownthatthestabil-

ityathighspeedsismuohimprovedwhenthe$tabilizerortail-

planeisinr%rted.

Thsdegreeofstabilityin~ ai~~e with~ .adjz#table

stabilizerortail-planedepezxisl=gelyonthesettingofthat

memberandsuoha maohinswill,fromthisoaueealone,bemoresta-

blewhenglidi~thanwiththrott~eopen.ThecurvesfortheMartin

forexample,wouldbemuohmorestable(largermgativeslops) M

thestabilizerort%il-planehadbeenset totrimat200m.p.h.while

gliding,ra%herthanwhileoperatingatfullpower.

Ifthereisinstabilityy inanunpleasantlylargedegree,

it maybe corrected by:(a)movingthe

faward;(b)settingthestabilizercm

tiveangletothewings;or,’(o)using

plane, Theseoonclueionsarenotonly

o%nterofgrav$%yfarther

tail-planeata Ia$gernega-

a largerstabilizeror%ail-

theresultoftheory,but

theyham

courseof

lenttoa

dso b-n obcked by aotual testson theJN@ inthe

whichteststhestaggerwasdecreased(thisbeingeq@va-

forwariiniovsmentoftheoenterof~avityrelativetothe

wings),theC.G.wasmovedbothhorizontallyandverticallybY*b

attaehnentofweightsatvariQuspoints,andthestabsliwerortail-

Planeanglewasalteredseveral times. Inorderthatthemaohi~

maynotbemadeexcessivelynoee-heavportail-heavyitisusually

necessaryto‘combine(a)witheither(b)or(u).Thseffectof in-
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. creasingthesizeJof the stabilizerortail-planecanbesecuredby

aw meanswhichsteepensthsMft curveof-thatsurfaceandsoin-

ekeasesitsstabilizingefficiency. Inpert5Qular,thisobjectmay

b~acco@ishedby increasingtheaspedtratioofthestabilizeror

.

+

-1

$

.

tail-planeorbyusing

efficientlypresented.

amoreefficientsectionora seatiozzmore

31’orexample,thereis,underall ordinary

Conditionsofflight,a downwardlQ@ on the stabilizerortail-

ph.ua,ania sectionflatontheLowersurface,liketha%employed

on the JN,isthereforeworkingata negativeangleof attack,a

conditioninwhichtheliftcurvehasamateriallysmallerslope

thanithaafor positiveangles,Itmight,therefore,beexpected

thatthestabilizingeffectofthetailplanesof theJNwouldbe

improvedby%nvertingthe Sectioqmakingtheqper surfaceflatand

the loweronecambered,andthishasbeenfotmdtobethecase.It

hasalreadybeenshown,however,thatthe sectioaofthetailshould

usuallybecontrolledbytheconsiderationofsecuringthesamede- .

gree ofstabilityatallspeeds.

Iftheelevatormre ~5ghtless,orifits weight werebal-

mced,andiftherewerenomomentabouttheelevatorhingewhen

thereisnoforce ontheelevator,stabilitywithfree controlsat

thetrimi~ &peed(thespeedatwhichthemachinewouldflyifnore-

straintafaq?sortwereplaced~on thestick)couldbesatisfacto-

rilyti.ves%igate~irathewindtunnelbyremovingthee3eva%orsfrom

themodelandtestingitforlongitudinalstabilitywithonlythesta-

bilizeror %aiX-Blancimposition,anda testofthissortfurnishes

a fairlysatisfactoryapproximationto thetruthundertheConditions

actuallyexisting.

tionsstatedabove

UnfcWnmate3y,however,neitherof tlm condi-

are,ingeneral,observed,andthepralbmof
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analysisofthetail

andmovable~ortions

great

sized
/

forces,theirdistributionbetweenthefixed

anitheireffeotonstabilitybecomesoneof

complexity,usuallysolublecmlybyciireciexperhent onf&l-

machinesinfreeflight.

Fora section,symmetricalaboutitscenter line, the angle

ofattackatwhichthepitchingmomqntabou%theleadingedgeis

zeroisofcourseidentical,withtheangleof zerolift. Forunsym-

metricalsections,suchasme verycomonlyusedinstabilizersanti

elevators,themomentabouttheleadingedgedisappearswhenthere

isa considerablenegativelift,and,converselythereisa moment

tendingtoraisethetraili~edgeoftheelevatorwhenthenet

liftofthatmemberiszero.ltis then8Pident,iftheassvmptim

of a mightlesselevatorbeabandonedandiftheinterfsrenc8be-

tweenstabilizerandelevatorbeneglectedforthemoment,that,with

the

the

its

controlsfree, therewillhavetobea largerupwardforceon

elevator,inordertobalancethemomentaboutitshingedueto

ownweight,ifthes~facaisflataboveandcamberedbelbwthan

ifthemoreUSUEJreversedispositionisadopted.

forceontheelevatorrequires a counter-bakwming

downwardforceonthestabilizer,thisisa point,

S@xiaqy~ward

additiontothe

a~thoughnota

1- veryimportantone,iafavorofthetail-surfacesflatt@lGwand

oaqberedabove.Fora similarreason, anydecreaseintheweight

oftheelevatoror inthedistancefrom5tscenterofgravitytothe

hingeisverybeneficial.Thedesignofcontrolandstabilizing

surfacesoffere,bothfromthestructuraandtheaerodynamicstsad-

points,afruitftifieldforexperimentalandtheoreticalresearch,

andthereisnopointatwhichSuchresearchismoreneeded.

Machinesproperlybalancedwithopenthrottleareallnose-

heavvwhenulidine.and,conversely,tksewhichsrev~”r,~rlvb.l-
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anosdRPhenglidingaretail-heavywithftilgower.Thisisdueto
.-

theetfectofthe

tomte thatthis

tin,whereonlya

theslip-streams.

slip-s%reamOQthecontrols,anditisinteresti~

effectexistsina markeddegreeevenon theMar-

smallpartofthetail-surfaoeliesinsideof

Themostobviousnans ofcounteractingthisslip-

8treaoeffectistoraise the thrust-line, thereby&ivhgrisetoa

divingmomentvihentheen@neiSonfu,llwhishwUl oounterbalanoe

thestallingmomentduetothedownw=d’blastoftheslip-stream.
onthestabilizer.Thechangeinelevationofthethrust-limwhich

wouldberequiredfor completebalancingwould,however,betoo

Meat tobepracticableonmaohinesofordinarytype,InaJ1;,~for

exanple,thethrust-linewouldhavetoberaiseda littlemorethan

a footwithreapeottothecenterofgravityinorderthat the

forcecurveswithopenandclosedthrottlemight‘beidentiml. Itt

38probable

theseveral

tiancifthe

thatonereasonfor the unusually SmaU separationof

forcecurvesintheVoughtistherelativelylowposi-

C.G.inthatmaohine,althoughtheC.G.isnotlow

enou@,relativetothethrust-3ine,tobalanoetheslip-streamef-

testverycowletely.Inflyi,ngboate,wheretheC.G.isfar below
.

thethmst-line,itisreportedbypilotsthatthemoment&usto
.
. eccentricityofthethrustismoret- sufficienttobalanoethat

duetotheslip-streameffeot,andthebatsthereforetendtostaU

whenthethro,ttleisclosedanddivewhenitisopened. This*of

course,ismore

idealcondition

speedwithfzee

obJectionablethantheoppos$tetendency,butthe

wouldbehalf-waybetween, om inwhiohtheair-

cozztrolsremainsconstatata speedslight%yinex- ,

oesaofthespeedofznWimmrequire~power.Progresstowardethis

idealconditioncan bemadebytiltingtheengined&n at the f rent,

as an theJN4A,or,ozaa single-e~inedmaohine,byincreasingthe
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aegsctratioofthetail.Tiltingtheengine-bedcausestheangle

at whichtheairstrikesthestabilisesto bedh&iehedat~hee~

timethattheweed iaincreaeed.

rathermall if th8 dmnge is kept

thee~im-bsdm theJN 2°hada

betweentheforcecurveswithogen

..

H&e, again,theeffect is

within reasonableM&ts, Tilting

distincteffectontM spacing

andulomed%hrottle,buttheeffeet

was not8uffiCi0nt to bringtheowves to coincid%~.Snoreaeing

theaspe@ ratioof thetail5shelpfulinthatitInoreasesthe

&roportionof the stabilizerwhichisoutsideoftheslip-stream.

In a twin-enginedmgwhine,the effectofthes3ip-stream

on thecontrolforcescaqbereduoedeitherby“toeingin”theen-

ginessothattheirslip-strashswiU traveloutwardsandescape

theStebiliser,bysett2ngtheenginesfarther apart,orbyhaving

ths engims rotateinoppositedirections*theupperpropeller

blade UW7i2)g8wayfromtht3COZItW Of

that the tangentkdcomponentinthe

tion,willW upwardinthatpartof

the machine inbothcases,sos

slip- a%reamvortheracerota-

thesli~-stream(the”part

nearestthscenterofthsmachine)whSchimpingeson the stabilizer

andwillterxl*Ocounteractthedownwar~directiontakenbythe

slip-streamasa wholeenddueto tbe downwashofthewings.@

firstof thesethreeremediescausessomelossof efficiency,al-

thoughthatlossneednotbeverypronounced,thesecozxl5nvolvas

constructionalMffhultiesazxiinore~esthestresses*nlanding,

andthethirdxmkeStrouble for theeng5nemsxmfaoturer,requiring

themaki~ andstockingas spare$ofanaddit%om~series of ciaw

shafts.Inviewof theeasewithwhichanadjustablestabiXisercan

beincorporatedon theselargamachinsa,itisnotprobablethat
.-

anyof thedev$cesment$onedabovewillcomeintoccmmonuse. There
. .-,----r- *

1’
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reasonwhythetailsurfacesonsingleengin%rima-

audmode?atesi&sshouldnotihavea somewhatM@ez

aspectratiiothanisthectiem manysuchairplams at thep&sen%

time,-materia13.yMgher, f6texample,thanontheJN. Mizchvif

notmost,oftheextraordinarycontrollability,-ewerab%lity,

stabilityahdgensral

ascribed*Othesection

● judiciou$choi.ueofthe

fmilityofhandlingbftheVmghtmaybe
. . .

andpkn formofits&ailSurfacesi%

sectionandbyIncreasingtheaspW zati?
,

1.
ofthestabilizer,itsefficiencyq be so muchincreasedthat

theareacanbeco&iderablyreduced.Wemaythenachieve,atthe

sametime,a reduotionintotalweight,a reduction$n-theforces

on the stickand in the controlleads~anincreasein aerodynamic

efficiency,anda greatimprovementinstability.

Thepositionofthecenterofgravitywithrespect tothe

wingsis,asalreadymentioned,a veryimportantfactorindete.r-

of the C. G. Increasingthestability.TheC.G,OntheVought,

thestability@ b~a~ ofwhich-ybSconsideredasideal,i8

3@ oft~ WW backontheme= ~ord. ThatontheDH4withthe

load carried during the

chine wasstableexcept

malrigg~ aada heavy

test8was2X ofthew&yback,andthe~-

at verylowspeeds.OntheJN4H,withnor-

observer,theG.G.wasabout3@ ofthe

‘aYba~ on themeanchordandthemachinswasmarkedlyunstable.

S~bsOgUeutchangeshve reduced.theC.G.positioncoefficientto
.
32$,underwhichconditiontheinstabilitystillpersists,although

itismuchteducedinmsgnitude.Thelocationsofthecenter of

gravity on the UPered Mar-tinwerenotdetea&ned.Itisprob-
%

ab3ethat%tiC.G.Positgonc~eff~,~~~n+,on+hs m ....?A v -~
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reduosdtoabout

?fhaCLG.mustk

26 tosecurea

fartherforwaZ?d

satiefaotoryaverageofstability.

ontheJl?t&n antheVoughtinor-

efficienoyof thetailsurfacesontheV@ght.

%zmerized,theconclusionstobedrawnfromtheresults●of

theseexperimentsandfromthetheoretical-Wis =8:

1. Thattailsurfacesshouldbeoflargeaspectratio.

2. That the
●

theelevator,andthat

~ lybemade,1*8center

tothehinge.

3= Thatthe

stabilizeror tail-plane shouldbelargerthan

theelevatorshouldbeaslightasitcanS&tfe-
. .

ofgravitybeingkeptasnearaspossible
.

tailshouldbecamberedbothaboveandbelow,

theuppercamberueusUybe~nggreaterthanthelower.

4. Thatthecenterofgravityshouldbefrom2X to30$

backofthemeanohord.

5: Thatthethrust-lineshouldbeashighasitoancon-

.

:

“.

venientlybeplaced.

Althoughno

instantwasfittedto

ideaof thatanglein

scaleforindicat~ngtheelevatorangleatany

anyofthethree machir~stestedinDayton,some

normalfl~ghtcouldbegainedintheeaseofthe

LePerebyobservingthepositionoftheIxQencedportionoftheele-

vatorwithrelationto theadjaoentedgeofthestabilizes,and,in

thecaseoftheVought,by recordingthepositio~oftheetiokinthe

frontcockpit(bymeasuringthedistancsfromtheheadofthestick

totheinstrmentboard)anddetermining&tierlandingtheelevator

singlecorrespondingtotheobservedetickpositio~

Stabilitywithfixedorlockedccntrolsisdeducedfrom

theslopeofa curveofelevatorangleagainstspeed,themethod

Of8ZlSXVZilX?thiS CUl?VShSf~efi~sm~p~?l+n %tll 4m ~a... + XT. -n
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where it was shownalso that tim IM4 had a stablecurveofelevator

anglesatallspeeds,whilethatof the JNwasstableatlowspeeds

andunstableathigh.Whileitwastipossibletoz@keanyexact

measurementsintheoasesoftheVoughtandLsPere,itwasevident

that the firstofthesemaohineswouldpossessa small,buternply

sufficientdegreeofstabilitywithlocked,aswithfree,controls.

2heIaPerewouldbesubstantiallyneutralwithlookedoontrolsand

openthrottle,stablewithclosedthrottle,asthepositionofthe

stiokforstraightflightwithopenthrottleis,as nearly a8

couldbedetected,thesameforallair-speeds.

OntheVought,thesnglaoftheelevatortostabilizer,

withopenthrottle,rangedfrom+ 1°atlowspeedsto~ 3° at hi@L

Ingliding,theelevatorwaspulledupto a negativeangle.Onthe

LePere,ontheother~, theelevatorwaeinlinewiththestabil-

izerwiththrottleopen and set about-4°totheftiedsurfaoewhen‘

the~hrottlewasalosed.Thesefigureehave~ interestingbsari~

onthetail-@eaviaessoftheIePere. .

Tail-heavinessordinarilymeansthatthereisanqward

airforoeontheelevator,andthatthe.momenti of thisforoeatmut

thehingeismorethansufficienttobalaimethatoftheweightof

theelevator.Natwally,sucha Whine requiresa positiveele-

vatorangleforeqtilibriurn.TheLel?ere,ontheotherhand,although

it is esctmmelytail-heavy,carriestheelevatorat

tiveangleforequilibriumhavingthetrailingedge

pulled~ considerablyhigherinnomnalflightthan

heavyJN, This,also,isinspite

zeroliftforthe JNtailsurfaces

s~etrically-canbered ta51ofthe

of the faotthat

wouldbesmaller

LsPere.TStske
—

a zeroorWga-

oftheelevator

-s thenose-

theangleof

thanforthe

anotherinstanoe,
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.
theZM14,witha tailhavingnearlythesamesectionasthatofthek

Pere,isnose-heavyatallspeedsifthestabilizerbesoadjust8d

thattheelevatoranglesareequaltothoseontheLel?ere.Withthe

stabilizeradjustedforproperbalanoe,theelevatorhastobepll- .

eddowntoapositiveangleoffrom2°to4°,whereasontheh

Pereithasto

Shemaohineis

theweightsof

ontheDH4and

bepulleduptoa

stilltail-heavy.

theelevatorsare

LePere.

!l!heconclusionisthat

negativeangletothewingsand

Thestiokforcesrequiredtobalanoe

mbstantiallyequal(within1 lb.)

tbemeasurementsofforcesandan-

gle?oatheLePere,tfinterpretedtntheordinaryway,lead to

dianetricallyoppositeconclusions,ad that,thetwosetsofdata

canonlybe reconciled bytaking account ofthebalancingportion

oftheelevatorhithertiiignored.

Sinoe the oenterofpreseureofa flatplateorsymmetri-

callycamberedsurfaceapproachestheleadingedgeastheangleap-

proacheszero,it is evidentthat,if suoha

wherebaokof theleadi~edge,thecurveof

thelineofthehingesatleasttwioeduring

surfacebehingedany-

C.P.travel.willcross

therangeofangles

normallyused.-c~a surfaoeisusedon theLePere,and,whenit

isobservedthatthebalanci~portionsareinapositionwhere
,

theycarryamuohlargerunitpressurethananyotherpartofthe

elevator,i%appearshighly probablethattheelevatorisoverba3.-

mcedundersomeconditions,Ifthis be the case, it would fully

acco=tfor theseeminganomalyinthecontrolforoes,astheeffect

ofliail-heavhass maybe producedbya downL&i withtheoenter

ofpressureforwardofthe hinge, guiteaswallasbyanqpload

—
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ap~liedbehindthehinge. \

Inviewoftheclifficultyexperiencedwiththebalance

of the LePerefighterandoftheoonsideratiomJuststated,~

stro~lyreoommendthattheeffec~ofeliminatingthebalancing

part of the elevatorandaddingthatareatothestabilizerbe

tried. .

.

* \
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